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1 INTRODUCTION

1.1  Background

A high pressure Water Jet Barrier system has been under development by Environment Canada and
The Minerals Management Service between 1979 and present. On previous occasions the Water Jet
Barrier has been evaluated for general flotation and control characteristics. Additional testing was
also performed utilizing 12 gallons (46 Liters) of canola oil. As a result of prior testing, modifications
have been made to the system and reevaluated at the Ohmsett facility. The tests objectives at Ohmsett
included determination of advancing speeds and oil containing ability for three surface conditions. The
tests at Ohmsett were performed from 8/20/95 through 8/25/95, included setup time, actual testing,

dismantling, clean up and packing the system for transport.
1.2 General Description of the Water Jet Barrier

The Water Jet Barrier consists of three beams in a Y configuration on which floats are mounted for
buoyancy. A series of nozzles are mounted along the two forward beams which emit flat fan-shaped,
high velocity jets of water horizontally about 15 to 30 cm above the surface of an oil slick. The
nozzles are spaced so that the sprays overlap to create a continuous spray front. A series of opposing
nozzles are mounted on the" back" side of the barrier to balance the thrust from the forward nozzles.
The flow to the forward and back nozzles is separately controiled, thus providing the Water Jet
Barrier with maneuverability in the field to suit local conditions (e.g., to respond to changes in winds,
spill conditions, or tidal currents). High pressure (1500 psi) water is provided by the pump system
located on a support vessel to the control manifold. The pump system is diesel powered with a
manual clutch between pump and engine, and requires an operator during use. The valves at the
control manifold permit the operator to drive the Water Jet system forward, left, right or in reverse
via nozzle thrust. High pressure umbilical hoses supply the Water Jet nozzles directly from the control

manifold. :

2 TEST SETUP AND PARAMETERS

2.1  Tank Configuration

The Water Jet Barrier sections were manually lowered into the test basin and assembled from the
work boat. Environment Canada technicians, experienced with the barrier, coordinated and executed
the assembly with the assistance of Ohmsett technicians. Figure 1 illustrates the Water Jet system as
configured in the test basin. The main pump/power unit was lifted by crane and placed at the north-
west comner of the main bridge. The 4-way control manifold was located near the center of the main
bridge with high pressure supply and discharge lines appropriately attached. Three guide lines were
installed across each of the barrier boom tips to maintain the Y configuration. Slack lines were
attached to the forward boom tips and affixed diagonally across to the auxiliary bridge. These lines
were to prevent collision with the basin walls in the event of loss of control. The guide lines were
installed not to impact directional control or speed capabilities.
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22 Test Fluids

One test oil was used during this test series, refurbished Hydrocal 300, which is a refined naphthenic
oil with a test viscosity of 300 centipoise. The test oil has been analyzed at the Ohmsett laboratory
and the values posted are an average of four sampleds analyzed at 25°C. The oil analyses and

properties, as well as the basin water properties are listed in Appendix A.

23 Wave Conditions

Three basin surface conditions were utilized during the Water Jet Barrier testing: calm, a regular wave
chosen by Environment Canada, and sea state 2 waves. The regular wave is a single frequency
sinusoidal wave in which wave- dampening beaches were used to minimize reflective waves. The sea
state 2 wave condition is a variable frequency wave which is allowed to generate for 15 minutes prior
to the test runs in which no beaches are employed allowing reflective waves to develop. The wave
analysis results are provided in Section 3, Table 4, Ambient Conditions and Wave Analysis. The
frequency and amplitude spectrums are included as Appendix B, Wave Frequency and Amplitude

Spectrums.
2.4 Photo and Video Documentation

Three video cameras were used to document test runs and events which occurred. A fixed underwater
and a fixed above water camera were implemented. Their locations are illustrated in Figure 1. The
fixed location cameras recorded each test entirely. A portable video camera was also used to obtain
footage from various bridge locations. As a result of high pressure jet streams being shot into the

water, underwater camera visibility was poor.

A 15 minute video has been composed from the total footage obtained. The video illustrates the
delivery, setup operation, advancing velocity tests and oil containment testing. Complete videos are
on file at Ohmsett.

3 TEST DATA

This report provides the recordable data obtained during the completed test runs. Table 3, Water Jet
Data, is an inclusive listing of the original test matrix that was scheduled to be performed. The matrix
identifies the test number, date, time, type of test, Ohmsett data file name, surface conditions, volume
of oil if applicable and advancing speed attempted. The ambient conditions during the test series have
been recorded and provided in Table 4, Ambient Conditions and Wave Analysis. The actual advancing
speeds (equivalent to main bridge speed ) obtained during the test runs have been plotted as Figures
2 - 11. Water Jet Barrier system pressures were manually obtained at the high pressure supply line
and the control manifold valves and are listed in Table 5, Water Jet Barrier System Pressures. These
readings were obtained with the system speed constant when possible. The system pressures varted
during the tests with speed and stirring adjustments.



4 RESULTS

The test data presented in this report is limited to the quantitative values obtained during the test in
the form of manually and computer recorded data. Evaluation of the Water Jet Barrier performance
was determined primarily in a qualitative manner as a result of this testing. Environment Canada, as
sponsors of the test and operators of the equipment during the test, will be preparing a separate report
based on system performance requirements, observations and the provided data.

5 TEST QUALITY

Test quality is the active application of the Ohmsett " General Quality Procedures and Documentation
Plan Manual ". This plan has been implemented by means of a " Quality Assurance CheckList ". This
checklist includes those items in the test plan that are deemed important elements in creating a quality
test. This list was used by the QC Officer and is included in Appendix C.

As part of the quality test plan , a check was performed to ensure that data was available to show the
initial source of calibration data for each piece of instrumentation used in the test. Pre- and post-test
checks were performed on the instrumentation on a daily basis, the first check being performed before
the test day started and a second check at the conclusion of the test day. The results yielded that the
quality and accuracy of the data obtained was within the calibration limits.
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Table 3. Water Jet Data

TEST | DATE & TEST SPEED OHMSETT | SURFACE NOTES
TIME TYPE ATTEMPT | FILE(PRN) | CONDITION
1 8/23/95 SPEED 0-0.5(kt) WTRJET! CALM OPER. TO MATCH BRIDGE SPEED
1:04 PM TEST
2 8/23/95 | - 0-1.0 WTRIET2 CALM OPER.TO MATCH BRIDGE SPEED
3 0-15 CALM SPEED REACHED DURING TEST 2
4 8/23/95 0-2.0 WTRJET3 CALM GUIDE ROPE FAILURE, REPAIRED
2:45 PM AND TEST REPEATED AS 4A
4A 8/23/95 0-20 WTIRJET4 CALM ABORTED, POWER PACK
3:51PM MISADJUSTED, REPEATED AS 4B
4B 8/23/95 | emeee- 0-20 WTRJETS CALM OPERATOR TO MATCH BRIDGE
4:13PM SPEED
5 0-2.0+ CALM SPEED REACHED IN TEST 4B
6 R/24/95 | - 0-1.0 WTRJETG REG OPERATIONAL PROB, TEST
REPEATED AS6A & 7A
7 8/24/95 0-15 REG TEST COMBINED WITH TEST 6
GA& | 8/24/95 | eem- 0-15 WTRJET? REG OPERATOR TO MATCH BRIDGE
TA SPEED
8 0-2.0+ REG SPEED REACHED IN TEST 6A&7A
9 8/24/95 — 0-10 WTRJETS §S-2 ABORTED - CONDITION TOO
SEVERE
10 0-15 88-2 CONDITION TOO SEVERE
11 0-2.0+ $S-2 CONDITION TOO SEVERE
12 8/24/95 | OILCONT. VAR WTRIETS CALM OBTAIN LOSS SPEED (.5 - 1.0)
40 GAL.
12A | 8/24/95 140 GAL VAR WTRIJET10 CALM OBTAIN LOSS SPEED (.5-.75)
13 8/24/95 100 GAL VAR WTRJET!11 REG SYSTEM FAILURE, TEST
REPEATED AS 13A
13A | 8/25/95 100 GAL VAR WTRJET12 REG
8:25 AM
14 VAR 8S-2 NOT PERFORMED
15 VAR CALM
16 VAR REG | = e
17 VAR 8s-2 | e




Table 4. Ambient Conditions and Wave Analysis

TEST WIND SPEED/DIR TEMP WAVE ANALYSIS
{ruph/deg) AIR/WATER() H1/3 (in), PERIOD{sec)
1 24748 7557179 CALM
2 3.8/53 76.5/79 CALM
4 40/71 77.8/79 CALM
4A 6.4/97 786/79 CALM
4B 6.4/97 786/79 CALM
6A&TA 12.7/270 81.4/78 REG-4.6,3.8
9 12.7/270 81.4/78 S8-2-11.12, NA
12 12.6 /301 89.7/78 CALM
12A 12.6 /301 89.7/78 CALM
13A 9.9/14 81.2/77 REGWAVE-7.1,35
Table 5. Water Jet Barrier Control Manifold Pressures
TEST Pin Pl P2 P3 P4 POWER PACK
(psi) (psi) (psi) (psi) (psi) RPM
1 875 850 850 450 650 1450
1 875 900 900 450 750 1500
2&3 873 900 900 650 700 1500
2&3 850 800 800 700 700 1500
4B 1000 1000 1000 1000 1000 1750
4B 1300 1200 1200 1200 1200 2000
6A 700 850 850 600 600 1500
6A 700 750 750 750 700 1500
12 850 800 800 550 750 ————
12A 200 750 900 600 1000 R—
12A 800 800 900 700 &850 1600
17N [— 900 900 . 700 900
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APPENDIX A Fluids Testing



The measurements made in the chemistry laboratory at the Ohmsett Facility are as follows:

1. VISCOSITY (ASTM D2683)

Viscosity is measured using a Brookfield Engineering Model LV Viscometer. The samples
are collected in 600 ml beakers, the contents are cooled to S0°F (10°C), then the temperature is
raised to 140°F (60°C) using a Brookfield Constant Temperature Bath. Viscosity measurements
are made every 50°F (10°C), yielding a temperature vs. viscosity curve for each sample collected.
This is done to find the viscosity at variable test temperatures as is found in the test tank.

2. SURFACE & INTERFACIAL TENSION (ASTM D971)

Surface and interfacial tensions are measured with a Fisher Scientific Tensiomat.
Approximately 50 mls of oil is needed to determine both surface and interfacial tensions.
Measurements are made under standardized nonequilibrium conditions in which the measurement
is completed one minute after formation of the interface.

3. SPECIFIC GRAVITY (ASTM D1298)

This analysis is performed using the hydrometer method. The oil sample is transferred to
a 500 ml cylinder, the appropriate hydrometer is lowered into the sample and allowed to settle.
The hydrometer scale is read and the temperature is recorded.

4. WATER AND SEDIMENT IN PETROLEUM (ASTM D1796)

A recovered oil sample of approximately 100 mls is mixed with an approptiate solvent
(toluene), heated to 140°F (60°C), and rotated at 2000 rpms in a centriufge for 15 minutes. The
amount of water and sediment is measured and the percentages calculated from the amount of
sample used.

5. OIL AND GREASE IN WATER, TOTAL RECOVERBLE (INFRARED)

A 500 - 1000 ml water/oil sample is acidified to a pH less that 2.0 and the oil is extracted
with carbon tetrachloride. The oil and grease concentration is determined by comparison of the
infrared absorbance of the sample extract with standards, using a Shimadzu IR 435
Spectrophotometer.



Test Oil Properties

Hydrocal 300 at 25°C
Viscosity Specific Interfacial Tension | Surface Tension Bottom Solids
(cPs) Gravity (dyne/cm) (dyne/cm) &Water (%)
300 .908 20.3 34.7 03
Std Dev. 7.0 | Std Dev. 0.000 Std Dev. 0.4 Std Dev. 0.2 Std Dev. 0.07

Basin Water Properties

Salinity Turbidity pH
(ppt) (NTU)
14.8 0.1 8.21
Std Dev. 0.0 Std Dev. 0.0 Std Dev. 0.025
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APPENDIX B Wave Frequency and Amplitude Spectrums
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APPENDIX C Quality Assurance Checklist



QUALITY ASSURANCE CHECKILIST

[=al

PROJECT:  _Water et Barder

" PROJECT No: 915 - Date: {AJ Lo
: ¢
- - /= e Ay
PRETEST CONDITIONS: (o%; e — chicthoom )
—Calibrated Verified By Date
Bridge Speed o ' s for—

__ Bridge distance shelos J s ez fps—
Wave frequency S fos— P PLowfes—
Wave height probe  __/- /o~ %x AV T

. Oil tank levei j/y/ir/ gL /5
Water Jet SPD (if - 4/ Y ol

used) 4
~ Time Verified by Date
Air temperature 47_73.5 L &Qﬂ LossE A .zg/j—
~ Water temperature #7f__Z¢Z %4 L e s o7z fr
Wind Spwd At & o (% 7 s o r%?;/f‘"
_Wind direction ~ py__37° et Elrem efir b
Water salinity ~ Av_Z% g/,%.—,/sﬁ/:w P Frope s /by
- | Time Verified by
—lnderwater Camera Operational gl Kisad %{ ?;.«"JéJ
\bove Water Camera Operational File bvy 703 /54
“Test Setup Per Tast Plag Lo 15 o o




Page 2 ofg

Date ¢JJ£ %z/(if performed on various days, use ‘separate checklist for each date)

Pretest Conditiors:*

Air Tomp.  Water Temp. Wind Dir. Em.d.Snd ﬁi,
LT e s N T f—!(M /
Tank AP b A WA 277 Lazret %J

* Indicate observation data, time, and individual recording date (initials)

Camera Operational:

Video: % Véri/ff  Flresim
Verified By Date Time

Still: S hastos™ _lay
Verified By Date Time

Instmiment: Yerified By  Date Time

1. Bridge Speed 1 B4

2. Bridge Dist. A : 07

3. Wind Speed ! Lfsr St

4. Wind Direction ﬁé_’ Db il

5. Ambient Temp. <2 4 L5

6. Tank Water Temp. 12355~ R,

7. Tank Level 22 SRR 7. 4

8. WH Sonic Probe  ££8 (i

9. Wave CPM ala, . %Y g

10. Marker 1 o ﬂ/ v

11. Pump RPM A2 v/ Y/

12. Water Jet FPM) 2. Y i

+
!



Test Conditi
- Data Observed by Time Date _
Bridge Speed IR IET . L /Bz( L _Lez5 e =140
Note Mwsunng Method: L7t T o At (_-,M p-;.& T TR P ens TP Pt A gy

7/'!%‘3 M e ot Tl Ll 44:7' A ™
a JSoo " Hear ﬂ,;,.7~ C.'.;hf/o/:c f/d”mﬂé—/

/—ﬁ'
56 /HT ; Je A/L%\ M @ﬂ&j f,yg/—s’ (-/4:.‘4 Q,.,,/-,”,__./ ‘,{,‘% 77‘/. 0‘,9——,{)‘,/}540"
s T FPAere
- - Data QObserved by Time ' Date
Meter Rea'dm — Jail O Ad R /e St /AJ y A
o cwf/
»:’i%/f Va8 /1 - _

~ Note: Take Duplicate Samples for characteristics and run three Reps.
(See comments on Section 2.1.6)

- Data Observed by Time Date
Qil Used: 7 gl oA A
Quantity: /‘%1- et Py A




. Page % ofﬁ

. Wave Conditions:
Wave Length (f)  Height (in)  Verified By Date Time
-~ 2 ar LA P p o~ A
. Ambient Test Conditions:
Tank _ 72 % 7L _wrt P 1y S h  TeFr

i St/




Page fofé

4 .
Weather See—m TAK
Stat. \. =
~N
Y

Notes on Significant Occurrences: 9/
S eT™ Srpe SO viiirs o it DX /CL ﬂ(/f?f-//‘f eir & /A//X"‘ c7"—?‘ //A/) 7 2 >/;
77

ooy

REM S Seted pLMYegLi/.S/ 727/"‘2-.-/1 o Tt udcd e v s 3 S d le il Zer

Action Taken: MM ) // L v /Y




Page fof_éé

Significant O Vit

Test Run No: ___ 7257~ Lo BE Lo RIZ73, ”;@) y o

Description of Occurrence / Variations: /GJ/, by o e~ & e /%zm;f b4

Lir A L.

Reported by: Tr ke [ s /. Time: _ =2 A7 Date: ?/2_%/;»'Jf

7 -~ Mém- )
Action taken: _Z’{é,‘ A2 7'/ /C-‘?'s/lc-—c Al K SO R TaT T 'T'c-,(?‘;%/
/ LS

Taken by: % Time: L2 52 Date: %/;f'——'

Post Test Conditi
Weather Conditions:
Time Verified by ate
Air temperature Zres Tox/fos™ 2o st
Water temperature 2o S Pz §723/257 3% por
Wind spzed Prrr4 ‘9125 g2/ 75— By Yl
Wind direction Y 2 e hB e 30

Water salinity e Hogans L 4@ Lo ety




QUALITY ASSURANCE CHECKLIST

PROJECT:  _Water Jet Barrier

o 7S oy

Date: f%” (X

PROJECT No: 915
~ PRETEST CONDITIONS: |
— CALIBRATION CHECKS / VERIFICATION:
—Calibrated ~Yerified By Date
- | )
Bridge Speed Ly A% 2l — B e 7/
_ Bridge distance Lo Y7 o
Wave frequency b/ psT SHE f/jf%f’/
Wave height probe ___[Zz /e Az o™
_ Oil tank level Frelrs” LEE rlev/es”
Water Jet SPD (if- O P Y.
used)
WEATHER CONDTIONS
- Time Verified by Date
Air temperature 4y Lo = %/ﬁ
~ Water temperature sy ___g-20 ZIEA I
Wind speed At —Z2O £ 2l
_ Wind direction g, __ g co P24 23
Water salinity 7 J 2, Lt s/l
a Time Verified by Date
~Underwater Camera Operational 27 Wisd /% %A”‘
Above Water Camera Operational O sy Sz ﬂw/;} al
—Test Setup Per Test Plag £ S Ay % _ gfz;/ée -




" 10. Marker 1

Page 2 Off
WATER JET BARRIER QUALITY CHECKLIST
Daily Check;

Date _g7.2 }22"{_‘ (if performed on various days, use 'sepa.rate checklist for each date)
Pretest Conditjons:* |
Tank z7° LA WAS 2o’ £ ’fjézz/

* Indicate observation data, time, and individual recording date (initi:is)

Camerz Operational:
Video: /dg_g&ﬂ/ M / /}’4 _M

Verified By Time
Still: L@% ,%, T 77 i
Time

Verified By

1. Bridge Speed
2. Bridge Dist,

3. Wind Speed

4. Wind Direction
3. Ambient Temp.

6. Tank Water Temp.
7. Tank Level

8. WH Sonic Probe
9. Wave CEM’

11. Pump RPM
. 12. Water Jet (FPM)




Test Conditi

Bridge Speed

Data

LER T 3

Obs by

Time
LESY B

|
Page 3 ofgg

D
-\%’__}

Note Measuring Method: psgretol /074«:4/ BIyse %ﬁﬂ’g o 55,,{ i é/gj'—’

Note: Take Dupiicate Samples for characteristics and run three Reps.
(See comments on Section 2.1.6)

Observed b Time Da:
s 2 ST & /9 Rrr fzj/ﬁ/
: U7, [ 20 Y e
21t sl 71204 A 24 S
e M R:21 elzy /35
_%_M Ziuzpm fé}’//f/
T AT p) =Jr/ﬂ»7 7

Data Observed by Time Date
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— Note: Take Duplicate Samples for characterisucs and run three Reps.
(See comments on Section 2.1.6)
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